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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress smear without increasing 
the number of packets at a vertical transfer register. 
SOLUTION: At a signal processing circuit 1 1 with which output 
signals are processed while using a CCD solid-state imaging device 
10 for outputting two kinds of image signals with different 
sensitivity, namely, a high-sensitivity signal VOH and a low- 
sensitivity signal VOL, in the non-saturated area of the high- 
sensitivity signal VOH, the low-sensitivity signal VOL is subtracted 
from the high-sensitivity signal VOH by a subtraction circuit 15. 
This subtracted signal is selected by a selection circuit 18 and 
outputted as a video signal and in the saturated area of the high- 
sensitivity signal, on the other hand, the selection circuit 1 8 
selects the low-sensitivity signal VOL, to which offset is applied by 
an arithmetic circuit 16, and outputs it as the video signal. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original precisely. 



2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] ~ ~ ~~~ 

[Claim 1]A solid state camera comprising: 

A solid state image pickup device which outputs two sorts of picture signals with which sensitivity differs 
A digital disposal circuit which outputs a signal acquired from a high sensitivity signal by subtracting a low 
sensitivity signal in a non-saturation region of a high sensitivity signal of said two sorts of picture signals 
as a video signal. s 

[Claim 2]The solid state camera according to claim 1, wherein said digital disposal circuit outputs a low 
sensitivity signal as a video signal in a saturation region of a high sensitivity signal. 
[Claim 3]The solid state camera comprising according to claim 2: 

A synchronization circuit where said digital disposal circuit carries out synchronization of a high sensitivity 
signal and the low sensitivity signal. y 
A subtracter circuit which subtracts a high sensitivity signal by which synchronization was carried out in 
said synchronization circuit, and a low sensitivity signal. 

A selection circuitry which chooses a subtraction signal of said subtractor circuit in a non-saturation 
region of a h.gh sensitivity signal, chooses a low sensitivity signal in a saturation region, respectively and is 
outputted as a video signal. y ' 

[Claim 4]A video camera comprising: 

A solid state image pickup device which outputs two sorts of picture signals with which sensitivity differs 
A digital disposal circuit which outputs a signal acquired from a high sensitivity signal by subtracting a low 
sensitivity signal ,n a non-saturation region of a high sensitivity signal of said two sorts of picture signals 
as a video signal. 6 

An optical system which draws incident light to an image part of said solid state image pickup device. 

[Claim 5]While being a signal processing method of a solid state image pickup device which outputs two 
sorts of picture s.gnals with which sensitivity differs and carrying out subtraction treatment of the low 
sensitivity signal from a high sensitivity signal of said two sorts of picture signals, A signal processing 
method of a solid state image pickup device outputting a signal which discriminates from the saturation 
reg.on / non-saturation region of said high sensitivity signal, and is acquired by subtraction treatment in a 
non-saturation region of said high sensitivity signal as a video signal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the signal processing method of the video camera which 
carries the solid state camera and this using the solid state image pickup device which outputs two sorts 
of picture signals with which especially sensitivity differs, and its solid state image pickup device about the 
signal processing method of the video camera which carries a solid state camera and this, and a solid state 
image pickup device. 
[0002] 

[Description of the Prior Art]Since signal outputting becomes fixed after the signal charge which 
photoelectric conversion was carried out and was accumulated by each sensor part overflows with solid 
state cameras from a sensor part, the signal output corresponding to the incident light quantity beyond it is 
not obtained, therefore the dynamic range to an optical input is narrow. In order to expand this dynamic 
range, as conventionally shown in the mimetic diagram of drawing 2, CCD (Charge Coupled Device) which 
can acquire two sorts of picture signals with which sensitivity differs, i.e., a high sensitivity signal, and a low 
sensitivity s.gna The solid state image pickup device 10 is used. This high sensitivity signal and low 

XSrn na r i f d f T 3 Sensor „ pa ^ to the CCD vertica ' transfer register 2. this is transmitted 
with the CCD vertical transfer register 2 and the CCD horizontal transfer register 3, and the thing of 
S?u t,0n u changing and outPutting to an electrical signal by the charge detector 4 is known 
L0003]Here when a sensor part is constituted using a photo-diode as a method of acquiring from a pixel 
r + S °?^ P ' Ct r e !-' g C alS With WhlCh sensitivit y Offers, there are a method of arranging two kinds of 
photo-diodes with which sensitivity differs, and a method of changing the storage time of a photo-diode 
However .n the mimetic diagram of drawing 2, it is not illustrating about a pixel configuration. Each signal 
charge of the high sensitivity signal and the low sensitivity signal is typically expressed with the circle from 
which a s.ze differs. Thus, by reading two sorts of picture signals with which sensitivity differs to the CCD 
vertical transfer reg,ster 2 a high sensitivity signal and a low sensitivity signal are accumulated in the 
packet of the CCD vertical transfer register 2 by turns, and it is transmitted to the CCD horizontal transfer 
reg.ster 3 m order .n the state, and is outputted through the charge detector 4. As the output signal as 
shown in .dra^tng_5 (a) and (b). the video signal VOH with which sensitivity differs to light volume i e' a 
high sensitivity signal, and low sensitivity signal VOL are obtained. " ' " 

[0004]And if a video signal is generated from the high sensitivity signal VOH in small light volume with 
which the high sensitivity signal VOH is not saturated and a video signal is generated based on low 
sens.tiv.ty s.gnal VOL in large light volume with which the high sensitivity signal VOH is saturated As 
shown in drawing 5 (c), the polygonal line latest characteristic VD is obtained to light volume As a result 
the dynamic range to an optical input will be expanded. Supposing it. for example, supposes that the ratio 
of the sens.fv.ty of the h.gh sensitivity s.gnal VOH and low sensitivity signal VOL is 1:alpha (alpha< 1) and 
makes it change with the predetermined threshold level VTH. [Equation 1] 
rVOH (VQH<vno 

VD = I 



1 vol+ (i -a) vra (voH>vno 

It comes out and realizes. 



•i wmcs uul ariu realizes. 

[0005]The CCD solid state image pickup device 10 which can acquire two sorts of picture signals with 
wh.ch sensitivity drffers as mentioned above is used. An extensive dynamic range CCD solid state camera 
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is readable by generating a video signal from the high sensitivity signal VOH at the time of a small light 
vo ume input, and generating a video signal based on low sensitivity signal VOL at the time of a large light 
volume input However, this extensive dynamic range CCD solid state camera has the problem that a smear 
occurs, hke the usual CCD solid state camera. This smear component is generated, when light mixes in the 
CCD vertical transfer reg.ster 2 directly, or the signal charge by which it was generated inside the 
semiconductor substrate spreads by diffusion and mixes in the CCD vertical transfer register 2 
It becomes a cause of the image quality deterioration of a reproduced image. 

[0006]On the other hand the technique like the next is conventionally known as a method of oppressing a 
smear (refer to JP.3-30338.A). Namely, as it sets up the twice of the signal group which should transmit 
the packet number of the CCD vertical transfer register 2 and is shown in drawing 6, A smear is reduced 
by subtracting from a picture signal the smear signal which sets up the empty packet for smear detection 
between the packets for signals transmitted with the CCD vertical transfer register 2, and comes into an 
empty packet. 

[0007]When it uses for the above-mentioned extensive dynamic range CCD solid state camera combining 
this smear reducing method, the transmission electric charge of the CCD vertical transfer register 2 comes 
to be shown m drawjQg^ Namely, since the smear electric charge of the packet for smear detection which 
adjoins the high sensitivity signal VOH, or the smear electric charge included in low sensitivity signal VOL 
and the signal of that w.th.n the CCD vertical transfer register 2 becomes almost equal, By calculating 
high sens.t.v.ty signal) - (signal of the adjoining packet for smear detection), and (low sensitivity signal) - 
(signa of the adjoin.ng packet for smear detection), a smear can be removed from a high sensitivity signal 
[0008] SenS ' t,V,ty S,gna1, and a high d y namic ra nge and a low smear can be reconciled. 

[Problem(s) to be Solved by the Invention]However, in the extensive dynamic range CCD solid state 
camera of the above-mentioned composition which combined the smear reducing method mentioned above 
Since it had the composition of allotting the packet for smear detection to each of the packet for high 
sensitivity signals, and the packet for low sensitivity signals, there was a problem of making a packet 

I! qi i re ^, tWICe u S ° tHat CleaHy fr ° m - dxaV ^ & 1 Making density of a P acket hi « h me an* reducing remarkably 
the handling charge quantity of a CCD vertical transfer register. 

[0009]in light of the above-mentioned problems, this invention comes out. The purpose is to provide the 
solid state camera which can oppress a smear, without making the packet number of ** increase. 

[0010] 

[Means for Solving the Problem]A solid state camera by this invention has composition of providing a 
digital disposal circuit which outputs a signal acquired from a high sensitivity signal by subtracting a low 
sensitivity signal as a video signal in a non-saturation region of a high sensitivity signal of a solid state 

of thesTpicLrrsignalls iCh ° UtPUtS ^ ^ Pi ° tUre Signa ' S Whi ° h Sensitivity differs - and *wo sorts 

[001 1 ]In a solid state camera of the above-mentioned composition, a digital disposal circuit subtracts a low 
sensitivity signal from a high sensitivity signal in a non-saturation region of a high sensitivity signal of two 
sorts of p.cture signals with which sensitivity outputted from a solid state image pickup device differs 
Since th.s high sensitivity signal and low sensitivity signal have received the almost same offset bv a ' 
smear, it ,s subtracting a low sensitivity signal from a high sensitivity signal, and although sensitivity falls a 
httle a smear component contained in both signals is offset, and a smear is removed. Therefore from a 
digital disposal circuit, a high sensitivity signal with which a smear was removed is outputted as a video 
sigfidi. 

[001 2]A solid state image pickup device with which a video camera by this invention outputs two sorts of 
p.cture signals with wh.ch sensitivity differs. In a non-saturation region of a high sensitivity signal of two 
sorts of these picture signals, it has composition of providing a digital disposal circuit which outputs a 
signal acquired from a high sensitivity signal by subtracting a low sensitivity signal as a video signal and an 

SSS ^ IT Wh ' Ch draWS inddent Hght t0 an image part of a solid state ima *e Pickup device 
L0013JIn a video camera of the above-mentioned composition, an optical system leads light from a 
photographic subject to an image part of a solid state image pickup device. Then, a solid state image pickup 
dev.ce outputs two sorts of picture signals with which sensitivity differs according to the incident Hght *5 
a d,g,tal disposal circuit offsets a smear component contained in both signals by subtracting a low 
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sensitivity signal from a high sensitivity signal, and outputs a signal with which this smear was removed as 
S s.gna m a non-saturation region of a high sensitivity signal of two sorts of these picture signals 

52 If St3t f ' mage P ' CkUP deV ' Ce Wh ' ch OUtpUts two sorts of P^ture signals with which sensitivity 
differs, wh.le a signal processing method by this invention carries out subtraction treatment of the low 
sens.tiv.ty s.gnal from a high sensitivity signal of two sorts of picture signals, It discriminates from the 
saturat.on reg.on / non-saturation region of a high sensitivity signal, and a signal acquired by subtraction 
rnm St 6 u' S outputted as a video s, 'S nal in a non-saturation region of a high sensitivity signal 
L0015JIn this s.gnal processing method, a low sensitivity signal is subtracted from a high sensitivity signal in 
a non-saturat.on reg.on of a high sensitivity signal of two sorts of picture signals with which sensitivity 
outputted from a sol.d state image pickup device differs. Since this high sensitivity signal and low 
sens.t.v.ty s.gnal have received the almost same offset by a smear, it is subtracting a low sensitivity signal 
from a h.gh sens.t.v.ty signal, and although sensitivity falls a little, a smear component contained in both 
s.gnals is offset, and a smear is removed. And let a high sensitivity signal with which this smear was 
removed be a video signal. 
[0016] 

[Embodiment of the Invention] Hereafter, it explains in detail, referring to drawings for an embodiment of the 
invention. Drawmg jjs a l.neblock diagram showing one embodiment of the extensive dynamic range CCD 
sohd state camera concerning this invention. In drawingj.. two-dimensional array of two or more sensor 
parts (pixel) 1 wh.ch consist of a photo-diode etc. which change and accumulate incident light in the signal 
charge of charge quantity according to the light volume is carried out. The CCD vertical transfer register 2 
•s arranged for every vertical file of the to these sensor parts 1. Vertical transfer of this CCD vertical 
transfer register 2 is carried out shifting in order every 1 pixel of signal charges read from each sensor part 
1 by the pixel unit at a part of horizontal blanking period. 

[0017]The signal charge of every one line by which vertical transfer was carried out with the CCD vertical 
transfer register 2 is moved to the CCD horizontal transfer register 3 in order. The CCD horizontal transfer 
reg.ster 3 carr.es out horizontal transfer of the signal charge for this one line one by one in the horizontal 
scanning period after a horizontal blanking period. The charge detector 4 of floating diffusion amplifier 
Sn u ■ * ? lffus, °" Am P |lf ier) composition is formed in the end by the side of the destination of the 
CCD horizontal transfer register 3. for example. This charge detector 4 detects the signal charge by which 
honzontal transfer was carried out with the CCD horizontal transfer register 3. and changes it into a signal 
level. This s.gnal level is drawn as a CCD output signal via the output terminal 6, after passing through the 
output circuit 5 which consists of source follower circuits etc. The CCD solid state image pickup device 10 
is constituted by the above. 

[0018]In the CCD solid state image pickup device 10 of the above-mentioned composition, two sorts of 
picture signals with which sensitivity differs, i.e.. a high sensitivity signal, and a low sensitivity signal are 
outputted as a CCD output signal. Thus, when the sensor part 1 is constituted using a photo-diode as a 
method of acquiring two sorts of picture signals with which sensitivity differs, there are a method of 
arranging two kinds of photo-diodes with which sensitivity differs, and a method of changing the storage 
time of a photo-diode. Since it is not directly related to the gist of the invention in this application ab?ut 
explanation of the concrete composition, it omits here. 

[0019]Thereby. as shown in the mimetic diagram of drawing^, a high sensitivity signal and a low sensitivity 

% g + T a r£n CCU !J 1 6d m x the P3Cket ° f the CCD Vertical transfer re e ister 2 b V turn *- Although each packet 
of the CCD vertical transfer register 2 is the same size, it is a big circle about a high sensitivity signal and 
expresses the low sens.tiv.ty signal with the small circle to the mimetic diagram of drawing_2_typically This 
high sens.tiv.ty signal and low sensitivity signal are moved from the CCD vertical transfer" register 2 to the 

«nTJrS ,n r^nT r ! g ! S . ter 3 J n ° rder Per ' ine ' After being "orally transmitted furthermore one by 
one with the CCD horizontal transfer register 3 and being changed into a signal level by the charge 
detector 4. ,t is outputted as a CCD output signal from the output terminal 6 through the output circuit 5 

m02ur?h° p C rn% n f !\ * °^ Sig ? a ' l S Carr ' ed ° Ut the digital disposal circuit 11 ex P |ai "^ below. 
|0020JThe CDS (correlation double sampling) circuit 12 where this digital disposal circuit 1 1 performs noise 

suppression Processing to a CCD output signal. A/D converter 13 which changes the output signal of this 

CDS crcmt 12 .nto a d.g.tel s.gnal. The memory 14 as a synchronization circuit which carries out 

synchron.zat.on of the high sensitivity signal VOH supplied by turns per line via this A/D converter 13 and 

the low sens.t.v.ty s.gnal VOL. The subtracter circuit 15 which subtracts low sensitivity signal VOL from 

the h.gh sens.t,v.ty signal VOH by which synchronization was carried out, The arithmetic circuit 16 which 
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performs data processing for attaching offset to low sensitivity signal VOL. It comprises the comparison 
circuit [a certain threshold level VTH / signal / VOH / high sensitivity ] 17 and the selection circuitry 18 
which chooses one side of each output signal of the subtractor circuit 15 and the arithmetic circuit 16 
based on the comparison result of this comparison circuit 1 7, and is outputted as a video signal 
[0021]In the digital disposal circuit 11 of the above-mentioned composition, the memory 14 To the high 
sensitivity signal VOH and low sensitivity signal VOL which are supplied by turns for every line for 
example, it is supplied previously, when only the time of one line is delayed in the high sensitivity signal 
VOH. synchronization of the high sensitivity signal VOH and the low sensitivity signal VOL is carried out 

wS? ' f VS '? 3 ? d 3 Sm6ar component are set to VsH f °r a" 'mage component in the high sensitivity signal 
VOH. it is the high sensitivity signal VOH, [Equation 2]It is set to VOH=Vsig+VsH. However it is Vsig 
<-VOF when saturated signal (limit of handling charge quantity) voltage is set to VOF. since Vsig is 
restricted with the handling charge quantity of a pixel in an image component 

[0022]In low sensitivity signal VOL. it is alpha-Vsig about an image component. If a smear component is set 
to VsL, it is low sensitivity signal VOL. [Equation 3]VOL=alpha-Vsig It is set to +VsL. alpha expresses a 
sensitivity ratio here and it is alpha< 1. In the mimetic diagram of drawing 2 . the smear electric charge 
generated in the packet of the high sensitivity signal VOH and the packet of low sensitivity signal VOL 
which adjoins it is tales doses mostly, and, therefore, VsH**VsL. 

[0023]Next, after carrying out synchronization by the memory 14, two sorts of operations are performed to 
the high sensitivity signal VOH and low sensitivity signal VOL. In the subtractor circuit 15. data processing 
of several 4 formula, i.e.. the processing which subtracts low sensitivity signal VOL from the high sensitivity 
signal VOH, is first performed to the 1st. 
[Equation 4] 

VOH-VOL=(1 -alpha) Vsig+ (VsH-VsL) 

**(1 -alpha) Vsig — this subtraction treatment is processing for obtaining the video signal which removed 
the smear. 

[0024]In the arithmetic circuit 16. data processing of several 5 formula, i.e.. the processing which attaches 
the offset (1-2alpha) VTH to low sensitivity signal VOL, is performed in the 2nd. 
[Equation 5] 

VOL+(1-2alpha) VTH=(alphaVsig+VsL)-(1-2alpha) VTH =alpha(Vsig -VTH)+(1 -alpha) VTH+VsL — this data 
processing, When so small that the smear component VsL can be disregarded, it is processing for 
connecting smoothly the signal which can be found from several 4 formula, and the signal which can be 
found from several 5 formula bordering on the threshold level VTH. 

[0025]In the comparison circuit 17, it discriminates from the saturation region / non-saturation region of 
the h.gh sensitivity s.gnal VOH by comparing a signal level of the high sensitivity signal VOH with the 
predetermined threshold level VTH lower than the saturated signal voltage VOF. A control signal which 
controls the selection circuitry 18 according to the discrimination result is generated. The selection 
w^v'X 18 W '" ° UtpUt a " ° Utput S ' gnal of the aritnf "etic circuit 16 as a video signal, respectively if 
VOH<VTH becomes and VOH>=VTH will become about an output signal of the subtractor circuit 'l 5 based 
on this control signal. 

[0026]A characteristic figure of light volume versus a signal when a smear is taken into consideration is 
shown in qVawmg_3. In the figure, a signal in case a solid line includes a signal in case (a) shows the high 
sensitivity s.gnal VOH, (b) shows low sensitivity signal VOL, and (c) shows a signal after composition 
respectively and a dashed line does not have a smear for a smear is shown, respectively. Low sensitivity 
s.gnal VOL of aVawmg. 3. (b) obtained from the high sensitivity signal VOH of drawing 3 (a) and a packet 
wh.ch adjoins it within the CCD vertical transfer register 2 has received the almost same offset by a 
smear. ' 

[0027]Therefore. in a field (VOH<VOF) to which the high sensitivity signal VOH is not saturated With 
outputting as a video signal, a signal acquired from the high sensitivity signal VOH by subtracting low 
sensitivity signal VOL in the subtractor circuit 15. Although sensitivity falls only twice (1 -alpha) as 
compared with the high sensitivity signal VOH when not carrying out subtraction treatment as shown in 
drawing 3 (c), a video signal with which a smear was removed is obtained. About a smear of a thereby 
comparatively dark portion (VOH<VOF), it is removable good 

[0028]In a field (VOH>=VOF) to which the high sensitivity signal VOH is saturated on the other hand, Since 
the offset (1-2alpha) VTH is attached to low sensitivity signal VOL and it is only considered as a video 
signal as it is, although an extensive dynamic range is securable. about a smear of a portion (VOH>=VOF) 



5/5 /S— v 



bright enough, it is unremovable so that clearly from drawing 3 (c). However, in a picture of a dark portion, 
it comes out that a smear is notably conspicuous in a picture, for a certain reason, even if a smear of a 
portion bright enough is unremovable, practically, it is convenient and effect sufficient by a smear of a 
comparatively dark portion being just removable about a smear is acquired. 

[0029]In signal processing of the CCD solid state image pickup device 1 0 which outputs two sorts of 
picture signals VOH with which sensitivity differs as a CCD output signal, i.e., a high sensitivity signal and 
low sensitivity signal VOL as mentioned above, While performing processing which subtracts low sensitivity 
signal VOL from the high sensitivity signal VOH, Based on a signal level of the high sensitivity signal VOH 
discriminate from the saturation region / non-saturation region of the high sensitivity signal VOH, and a 
subtraction signal by subtraction treatment with outputting as a video signal in a non-saturation region of 
the high sensitivity signal VOH. Like conventional technology shown in d rawin g 7, even if it does not 
increase a packet number of the CCD vertical transfer register 2. a smear can be oppressed. 
[0030] Drawin g 4 is an outline lineblock diagram showing an example of a video camera carrying a CCD solid 
state camera concerning this invention. In this kind of video camera, light from a photographic subject is 
incorporated with the optical lens 41, and enters into an image part of the CCD solid state image pickup 
device 10 through the light filter 42. This CCD solid state image pickup device 10 is driven with various 
kinds of timing signals generated in the timing generating circuit 43. And a CCD output signal outputted 
from the CCD solid state image pickup device 10 has composition drawn as a video signal, after various 
kinds of signal processing, such as smear suppression processing which starts noise suppression 
processing and the above-mentioned embodiment in the digital disposal circuit 1 1, is performed. 

LUUvJ 1 J 

[Effect of the InventionjAs explained above, according to the solid state camera by this invention the solid 
state image pickup device which outputs two sorts of picture signals with which sensitivity differs is used 
Since it had composition which outputs the signal acquired from a high sensitivity signal by subtracting a ' 
low sensitivity signal in the non-saturation region of the high sensitivity signal of two sorts of these picture 
signals as a video signal, even if it does not increase the packet number of a vertical transfer register, it 
becomes possible to oppress a smear good. 

[0032]The solid state image pickup device which outputs two sorts of picture signals with which sensitivity 
differs according to the video camera by this invention. Since the digital disposal circuit which outputs the 
signal acquired from a high sensitivity signal by subtracting a low sensitivity signal in the non-saturation 
region of the high sensitivity signal of two sorts of picture signals as a video signal was carried, it enables a 
smear to obtain a repressed video signal good. 

[0033]While carrying out subtraction treatment of the low sensitivity signal from the high sensitivity signal 
of two sorts of picture signals with which the sensitivity outputted from a solid state image pickup device 
differs according to the signal processing method by this invention. Since it was made to output the signal 
which discriminates from the saturation region / non-saturation region of a high sensitivity signal and is 
acquired by subtraction treatment in the non-saturation region of a high sensitivity signal as a video signal 
the smear component contained in both signals is offset, and it becomes possible to obtain the repressed ' 
video signal of a smear. 
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DESCRIPTION OF DRAWINGS ~ ~ 

[Brief Description of the Drawings] 

[Drawing 1]It is a lineblock diagram showing one embodiment of this invention. 
{Drawing 2jlt is a mimetic diagram concerning one embodiment. 

giwringjllt is a characteristic figure of the light volume concerning this invention versus a signal 
iDravvingJJIt is an outline lineblock diagram of the video camera concerning this invention 
[Dra^gJlIt is a characteristic figure of the light volume concerning a conventional example versus a 
signal. 

lDrawin g _6llt is a mimetic diagram concerning one conventional example (smear reducing structure) 
I DrawinR jfllt is a mimetic diagram concerning other conventional examples (smear reducing structure & 
extensive dynamic range structure). 
[Description of Notations] 

1 Sensor part 

2 CCD vertical transfer register 

3 CCD horizontal transfer register 

4 Charge detector 

10 CCD solid state image pickup device 

1 1 Digital disposal circuit 

14 Memory 

1 5 Subtractor circuit 

1 6 Arithmetic circuit 

1 7 Comparison circuit 

18 Selection circuitry 
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[Drawing 21 
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[Drawing 41 
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[Drawing 5] 
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